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ABSTRACT

The Davidson Laboratory was contracted by the New Jersey
Department of Trangportation to study the wake wash issues in the
New York harbor. The sudy is mainly concerned with the wake
characterigtics of ferries run by the NY Waterway, which is the largest
commuter ferry operator in the region.

The study conssted of two phases — field sudies and physicd mode
gudies. The field study was further divided into two parts. The firgt part
was concerned mainly with a quditative observationd study of NY
Waterway ferries in operation. In the second part, measurements were
mede of surface devation time history near a marina using a pressure
gauge to obtain more quantitative information about the wake wash.
The physical modd study involved measuring wake wash of amdl-scale
models in the Laboratory towing tank.

Based on these studies, several conclusions and recommendations are
presented.
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INTRODUCTION

The wake wash generated by vessds has become an issue of international importance,
especidly for densely populated and active harbor areas. Some of the main concerns are;
Safety of passing vessds, particularly smdl craft
Impact to vessds in exposed and partidly-protected dock areas and marinas
Safety of passengers unloading from other ferries a harbor terminds
Damage to bulkheads and other shoreline structures
Erosion of natura shordines and wetlands

Biologica impacts on offshore kel p beds and clam beds

The waves generated by high-speed craft are in genera not very large compared to storm
waves. However the high occurrence due to regular ferry service over along period of time
can cause disturbance to marinas, shoreline and seabed, in particular in shelter bays, channds
and sounds. Also, to redize the full potentid of high-gpeed ferries in stisfying the urban
trangportation needs, it is necessary for ferry vessals to maintain a high-speed for aslong as
possible between the origin and degtination points. When the operating zones happen to bein
close proximity to shores/banks and other water users, as is the case most often in urban
harbors, this poses potentidly sgnificant safety and environmenta chalenges. Repid growth
rates in the high-speed ferry fleet in the New Y ork/New Jersey Harbor area have added to
the urgency of this chdlenge.

Description of Vessal-Generated Waves

The pattern of gravity waves created by a moving disturbance in degp water was determined
by Lord Kelvin in 1887. Figures 1 and 2(a) show this classc pattern of diverging and
transverse waves. This pattern exists up to a depth Froude number Frf' (defined as Fri' =
V/sgri(g D), where 'V’ is the ship velocity, ‘g’ is the acceleration due to gravity and ‘D’ is
the water depth) of about 0.6. As Fif' increases due to either an increase in speed, a
reduction in water depth or both, the longer wave components in the wash gart to fed the

1
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bottom and the wave properties begin to change. At the critical Froude number of Fri'=1
(Figure 2b), the transverse waves disappear and the divergent waves form a wave of

trandation. In the super critica region, where Frl' is greater than
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Figure 1. Kelvin Wave Pattern

1 (Figure 2¢), the long waves with their speed limited by the water depth subtend an angle q
to the track of the ship so that C =V Cos g, where C is the phase speed = sgrt(g D) of the

waves.

Objective

The main objective of this study was to assess the wake wash characteristics and associated
impacts of ferries operated in the New Y ork/New Jersey Harbor. Since the NY Waterway
ferry sarvice (Figure 3) is the largest operator in the harbor, we concentrated amost
exclusvely on ther fleet. We here note the assstance provided by NY Waterways during
the production of this report. It was with their assstance that much of the data presented
herein was made avallable. The second objective of the study was the development of
drategies to minimize adverse impacts identified in the first stage of the study.

M ethodology
The study of ferry generated wakes in the New York/New Jersey harbor involves the
congderation of various factors. complicated bathymetry, ambient wave field, various

2
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Figure 2. Effect of Water Depth on Wave Pattern
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Figure3. NYWW Ferry Service
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types of vessdls, their speed, accderation and course changes. With this in mind, it was
decided to study the problem by a combination of quditative and quantitative field
measurements, and laboratory measurements of wake wash from small-scae modds. A
quantitative description of the actud wave conditions found in the harbor is essentid to any
effort to address their impact. These measurements dso provide the means by which the
accuracy of smdl-scae laboratory experiments can be determined, which is necessary to
ensure the veracity of any conclusions drawn from those and subsequent tests.

Initidly, the use of computer models to sudy high-speed ferry wash was also considered.
Computer modes are available that study wave propageation in a semi-enclosed region with
complicated bathymetry. The difficulty of this gpproach is to find an accurate description of
the incoming waves generated by the ship in order to predict their propagation and impact.
These waves do not only depend on the ship’s geometry (displacement, draft, length, shape)

but also on operational procedures (speed, trim, podtion of acceleration and course
changes) and the water depth aong the ship's route.

Instantaneous Water Surface Elevation for Ship Mowving
at Subcritical Speed (F_, = 0.65)
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Instantaneous Water Surface Elevation for Ship Moving
at Transcritical Speed (F_, = 0.9)
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Currently computer models use semi-empirica methods to specify the wave wash generated
by a moving body. Figures 4a, 4b and 4c show the wake pattern generated by a moving
ship using computer models in the three Froude number regimes discussed earlier.

FIELD STUDIES

Observations

In order to characterize wave conditionsin New Y ork Harbor, afield study was undertaken
in July, 2002. Fird, quditative measurements were made of harbor waves by various fast
ferry hull forms. The reaults of this quditative assessment are available in the appendix. It
became apparent that it would be necessary to determine if the waves observed near the
banks of the river (where other users of the river spend most of their time) were the result of
waves created local to a pecific dite or if the effects were the result of waves generated far
from the gte. To this end, pressure gauges were deployed for dightly over eight days
beginning the afternoon of July 10", Two gauges were Situated so as to obtain time series
pressure records that would, with the gpplication of linear wave theory, provide a description
of the typica wave heights and wave periods found in the harbor. The harbor bathymetry is
characterized by a deep (~60 ft.) channd flanked in most areas by a narrow, flat, and
shallow (~10 ft.) shelf. The presence of these two characteristic bottom types suggested that
each should be insrumented as it is Ikely that waves would behave differently in the two
areas. One gauge was placed at a depth of 36.7 feet below the till water line in the channel
approximately 300 feet seaward of the pier head line, adjacent to the helix of the Lincoln
Tunnd. The second gauge was placed at a depth of 13.8 feet inshore of the pier head line.
The two gauges were located near the NY Waterways Lincoln Harbor terminal and as such
near an active fagt ferry route. The channd gauge, in particular, was very near (less than 500
ft) to an observed track of the Lincoln Harbor/ 38™ Street route and also well exposed to

waves propagating from other areas much farther away in the harbor.
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Each indrument package conssted of a high-resolution strain gauge pressure sensor
(accurate to within 0.05 decibar (0.073 ps) absolute) and data logger set to record time and
pressure a 4 Hertz (4 samples per second) for the first 17 minutes of every 20 minute period
darting at the top of the hour. The data loggers were synchronized with each other and with
universa time (dso cdled UT, here synonymous with Greenwich mean time or GMT) as
given by the US Naval Observatory clock.

The static component of pressure (the part of the pressure signd that remains constant over a
timescade much greeter than the timescae of the waves) increases quickly and linearly with
depth according to the familiar equation:

p=r gh
where:

p=pressure
r =density
h=distance below till water level (SWL).
Eight Day Surface Elevation vs. Time
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Figures

After the second and typicaly highest pesk of the day at approximately 1745 EDT, the wave
heights gradudly diminish until they reech the typicd overnight values some time shortly after
2330 EDT. Thistypicd daily pattern is best seen in Figure 6. Overnight maximum wave
heights range from 4 inches to 6 inches. The morning pesk heights are typicaly between 12
inches and 16 inches on weekdays and 10 inches to 12 inches on weekends (Figure 7).

Typical Weekday Surface Elevation vs. Time
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Days since 0000 hrs (GMT) Janurary 1, 2002
(Day 192.20 = July 12th at 0048 hrs (48 min past midnight) Eastern Daylight Time)
(Day 193.20 = July 13th at 0048 hrs (48 min past midnight) EDT)

Figure 6

These vaues diminish to 8 inches to 12 inches during mid-day on weekdays and to 6 inches
to 8 inches on weekends. The heights then increase again, sometimes beyond 20 inches on
weekdays and up to 16 inches on weekends during the evening rush. In Figure 5, the
weekend of 13-14 July 2002 occurs between Julian day 194.2 and 196.6. Closer
examination of the records presented in Figure 6 and Figure 7 reveds that there are two

modes of wave height present during the times of increased wave height. The firs mode

9
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appears as en elevated background or “noise” between spikes. The second mode appears
as wave packets or “spikes’ that are noticeably higher than the waves around them. The
presence of the two modes suggests that wave conditions in any specific part of the harbor
are the result of waves arriving from different sources. The background is characteristic of

Typical Weekend Day Surface Elevation vs. Time
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Days since 0000 hrs (GMT) Janurary 1, 2002
(Day 194.20 = July 14th at 0048 hrs (48 min past midnight) EDT)
(Day 192.34 begins July 15th at 0048 hrs (48 min past midnight) EDT)

Figure7
higher amplitude packets are characteristic of waves generated relatively close to the
sampling site. The background can be thought of as wave packets that have had the distance
and time to disperse and therefore the opportunity to decrease in height. Data depicted in
Figure 8 demondrates this repeating pattern of increased wave height dternating with
background levels. Often and especidly during the rush hours and midday, two large
packets are found approximately 5 to 7 minutes gpart. Also common during rush hour and
midday is the presence of large packets (5 to 7 minutes apart) with the groups of packets

separated by approximately 20 minutes.
10
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Similar behavior isredized by both the inshore and center channd gauges the rdatively cam

overnights are contrasted with energetic days on both the inshore and center channd gauges.

Note that the weekend wave heights (Julian days 194.2 through 196.2) are approximately

35% lower than the typica weekday wave heights (see Figure 9). Also note that the inshore

wave height is often greater than the center channel wave height. This phenomenon typicaly

Typical Weekday Evening Rush Hour Surface Elevation vs. Time
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and 0600 EDT, the center chand wave heights typicdly are comparable to or dightly

exceed the inshore wave heights.  When the inshore gauge does exceed the center channe

gauge, it typicaly does soin arange that fals between 5% and 10%.

Figure8
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Until this point in the report, discussion of the observed waves has been limited to describing
wave height. Wave height is the most important characteridtic in determining wave energy.

Eight Day Surface Elevation vs. Time
Center Channel and Nearshore
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(Day 192 begins Wednesday July 10th at 2000 hrs (8 pm) Eastern Daylight Time)
(Day 200 begins Thursday July 18th at 2000 hrs (8 pm) EDT)

Figure9

Of secondary but sgnificant importance is wave period. Wave period is the length of timeit
takes for a complete wave to move past a satic observer. This time is directly related to
how fast the waveform is trandating. In effect, period is a measure of the forward speed of
the wave. Observed wave periods ranged from 1 to 10 seconds and were based on zero
crossing of the pressure record. Histograms of period for different time periods are
presented in Figure 10. The pesak of the histogram fals in the 1 to 2 second range during a
typicd overnight hour. During the typicd midday hour, the peak moves to the 1.5 to 3.0
second range and the number of occurrences in the 3 to 5 second range increases by nearly

50%. During atypica hour in the evening rush, the peak period again moves up, now to the
12
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2510 3.0 second range.  During the evening rush, the number of occurrences of periods
greater than 3.0 secondsis very smilar to that which was observed during the midday, which
issgnificantly greater than is observed in the calm overnight hours.

The increased occurrence of the longer period waves during the rush hours and midday are
responsble for increased wave heights on the shelves that flank the river. The same effect is
not observed in the overnight periods when there are far less of these long period waves.
Longer period waves “fed” the bottom more than shorter period waves. As the wave
moves into shalower water the wave experiences “shoding” and the waveform modifies.
The wave begins to move more dowly, but the period remains condant. The result is that

the waves become tdler.

Histogram of Wave Periods During Typical Hours
350 T T T T T t

2 Typical Weekday Evening Rush
3000 I Typical Weekday Midday Hour ]
I Typical Overnight Night Hour

Frequency (No. of Wave Occurrences)

Period (seconds)

Figure 10
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Discussion

The shdlow shelves that flank the river are populated by numerous marinas that provide
berthing to thousands of recreationa vessdls. The vessdls range from outboards that are less
than 20 feet in length to motor yachts in excess of 200 feet in length. The vast mgority of
recregtional vessdls range from 30 feet to 60 feet in length. Vessds are most sensitive to
waves that are smilar in length to the vessd itsdf. Wavedength is strongly rdlated to wave
period: the longer the period, the longer the wavelength.  For the most commonly occurring
waves during midday and rush-hours. 2.0 second wave periods will result in waves
goproximately 205 feet long and 3.5 second wave periods will result in waves
goproximately 62 feet long. As most recregtiond vessds in the harbor fdl in this length
range, these vessals are strongly affected by these waves.

14
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LABRATORY STUDIES

Test Facility

Tests were conducted in the Davidson Laboratory High-Speed Towing Tank, which is 313
ft long, 12 ft wide and 5.5 ft degp. The towing carriage rides on a monorail located over the
center of the tank; it is towed by means of a sted cable driven by an eectric motor at the far
end of the tank. The water temperature in the tank was maintained a 76 degrees for the
duration of the test program.

Characteristics of M odels

Four different vessals, whose characterigtics are given in Table 1, were tested to study their
wake characterigtics in addition to the standard resistance and seakeeping performance

characteritics.
Hull Type Catamaran |Monohull | Catamaran |Catamaran
Length Overall 712 ft 65 ft 105 ft 90 ft
Length on Waterline 64.5 ft 63 ft 97.41t 81.7 ft
Beam Overall 2751t 14 ft 28.4 ft 34 ft
Beam of Each Hull 7.8 ft 8.25 ft 9 ft
Draft 341t 3t 3.45ft 5t
Base Displacement 134,4001b |74,0001b 195,610 b 224000 Ib
Wetted Surface Area 1423 sg.ft. |830sq. ft. ]2100 sq. ft |2048 sq. ft
Model Scale 1/12 1/12 1/20 1/16

Table 1. Characteristics of Vessels Tested

The first model, that of the 71 ft Catamaran, was tested in October 2000 but NY Waterway
decided not to consider it for their fleet. The 65 ft Monohull, “The Sea Otter”, was tested in
April 2001 and NY Waterway currently operates 3 of these vessals. The 105 ft catamaran
design was tested in July 2001 and NY Waterway is in the process of commissoning afew
of these vessdls. Findly, the 90 ft Catamaran that was tested recently in September 2002 will

be part of the future NYWW fleet that is planned to operate between Middletown, NJ and
15
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Battery Park City, NY. Figures 11a through 11d show the four models being tested in the
tank.

Figure 11a. 71 ft Catamaran

16
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Figure 11b. 65 ft Monohull “ Sea Otter”

Figure 11c. 105 ft Catamaran

17
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Figure 11d. 90 ft Catamaran
Instrumentation and Data Processing

The modd was free to trim and heave, but fixed in yaw, roll, surge and sway. The verticd
motion of the tow-point was mesasured using a motion transducer attached to the free-to-
heave apparaus. Trim of the model ked relative to the horizon was measured using an
inclinometer mounted on the connecting platform. Resistance was measured using a drag
balance located directly above the pivot box. Two acceerometers were mounted near the
bow and CG to record vertica acceleration in wave tests. Wake height measurements were
made in cam water tests usng two resstance-type wave probes at fixed locations in the
tank. The two probes were located in that section of the tank where the model runs at
constant speed and at transverse distances of 3 ft and 5 ft (moded-scae) from the ship
centerline. The time history of the wake was recorded as the modd passed by. A video
camera was located on the carriage and video recordings were made of each run. Still

photographs using a camera mounted on the carriage were a so taken for most of the runs.

The instruments to measure drag, trim, pitch, heave, accelerations and waves were cdibrated
prior to the tests by applying known loads, angles and displacements. All cdlibrations were
linear and a least- squares technique was used to obtain cdibration rates. Data were acquired
at 250 Hz in a 100 ft “data trap” after the model had accelerated to steedy speed, and
transmitted by overhead cables to a shore-based PC for processing and storage. Modd
velocity was computed by measuring the time required to travel through the data trap.

Discussion

The full-scae wake heights measured from each of the modd test are presented in Tables 2
to 5. Some of the typica trends that can be observed are: the wake heights increase with the
displacement, the newer designs tend to have lesser wake heights, the wake heights are
higher a the trandtion (hump condition) speeds and decreasse a higher speeds, wake
heights depend on the location of the center of gravity and the running trim. To emphasize the

18
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wake height variation with speed, the data from the 71 ft Monohull “ Sea Otter” is presented
in figure 12.

19
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Spee Wake Heights Run Spee Wake Heights
(knots # (knots
at 36 at 60 at 36 at 60
65LT-3
15 2.9 2.9 64 15 2.8 2.6
20 3 2.8 66 20 3.6 3.2
22 2.8 2.8 67 22 2.8 2.8
24 2.2 2 68 24 2.6 2.6
26 2.2 1.8 69 26 2.2 2.2
65LT-5
20 3.2 2.8 71 15 2.8 2.8
22 2.8 24 72 20 3.6 3.2
24 2.4 2.2 73 22 3 2.8
26 2 1.8 74 24 2.6 2.6
28 1.8 1.7 75 26 2.2 2.2
30 1.6 15
65LT-7
77 20 2.7 2.7
15 2.5 24 78 22 34 2.9
20 3 3 79 24 2.8 2.6
22 3.2 3 80 26 25 2.5
24 2.8 2.7
26 1.9 1.9 55LT-3
28 1.8 1.7 82 20 3 2.8
30 1.4 1.3 83 22 2.8 2.5
84 24 2.4 2.1
85 26 2 1.9
15 2.5 25
20 2.9 2.9 50LT-5
22 3.2 2.8 88 15 3.2 2.9
24 2.8 2.8 89 20 2.8 2.6
26 2.4 2.3 90 22 25 2.3
28 2 2 91 24 2 1.7
30 1.8 1.7 92 26 19 1.6
93 28 15 1.3
94 30 14 1.2
20 2.7 2.7
22 3.2 2.8
24 2.8 2.6
26 2.4 2.2

Table 2. Wake Heights - 71 ft
(at different displacements and LCG

20
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Run# Velocity  Wake Height(ft) Run#  Velocity = Wake Height(ft)
No. (kn) at 36ft at 60ft No. (kn) at 36 ft at 60 ft
73,990lb. - 39.8 ft 62,500 Ib. - 39.8 ft
4 15 2.8 2.1 49 20 25 2.0
5 20 2.9 2.3 50 22 2.4 1.6
6 22 3.1 2.0 52 24 2.2 1.3
7 24 2.5 1.7 53 26 2.2 12
8 26 2.2 1.6 54 30 2.3 12
9 28 2.4 1.6 55 32 2.2 11
10 30 2.6 15 408 ft
11 32 2.7 1.4 63 30 2.4 1.2
repeat check
13 24 2.7 1.6 Tests using 2.75" interrupters at 62,500 Ib.
1/16" projection - 39 8 ft 1 CG
Tests with LCG variation at 73,990 Ib. 57 15 1.9 0.8
3781t 59 26 1.7 1.3
15 26 2.4 1.6 1/16" projection - 40 8 ft | CG
388 ft 61 26 1.9 1.3
17 26 2.3 1.6 62 30 1.9 1.1
21 26 2.7 1.8 67 30 1.8 0.9
408 ft
19 26 2.7 16 Tests using interrupters at 73,990 |b.
23 28 2.7 15 215_Lang_1132_pm;e.cnan_39_8_ﬁ_l_CG
24 30 2.7 15 1.2 1.8
25 32 2.7 15 _’L_ZLlang-_‘LLSme;ectmn;SQ_S_ﬁ_l_CG
72 26 2.3 16
49,640 Ib. - 39.9 ft 73 30 2.3 14
27 10 0.7 0.2 14" long- 1/32" projection - 40 8 ft 1 CG
28 15 1.5 0.7 75 30 2.3 13
29 20 2.0 1.6 76 26 25 16
30 22 1.9 1.3
31 24 1.7 11 Tests using Trim Wedges at 73,990 Ib. And 39.8 ft
32 26 1.5 12 3.5"X1" - 5 deg. Wedges
33 28 1.8 1.0 79 26 2.0 15
34 30 1.8 1.0 3_5_XJ_°._deg_AALedges
35 32 1.8 0.8 2.4 14
repeat check
36 24 1.8 1.2

49,640 Ib. - 40.9 ft

40 26 1.8 10
41 28 2.0 1.0
42 30 1.9 0.9
43 32 1.8 0.9
44 40 1.6 0.7
45 42 1.5 0.8

Table 3. Wake Heights - 65 ft

(at different displacements and LCGs)

21
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Run Vs Wake Heights Run Vs Wake Height
No. (kn) at at 100 No. (kn) at at 100
195,610 Ib - 195,610 Ib -
9 10 0.6 0.5 49 20 4.0 3.2
10 15 15 0.9 50 24 25 2.0
11 20 2.2 1.0 51 27 2.2 1.9
12 22 2.6 1.5 52 30 1.9 1.6
13 24 2.6 2.5 55 34 1.6 1.1
15 26 25 1.9
14 28 2.2 1.8 150,850 Ib. -
16 30 1.8 1.6 57 19 31 1.3
58 20 2.3 1.7
195,610 Ib - 59 24 2.0 1.5
19 20 2.9 2.2 60 28 1.7 1.4
21 24 2.7 24 61 30 1.5 1.2
22 26 24 2.1 62 32 1.4 1.1
23 28 2.0 1.8 64 36 1.2 0.9
24 30 2.0 15 66 40 1.1 0.8
25 32 2.0 1.4
26 34 1.8 1.4 150,850 Ib. -
27 36 1.6 1.1 68 20 2.2 1.7
28 38 1.7 1.1 69 24 2.1 1.5
29 40 1.6 1.0 70 24 2.1 1.5
30 41 1.6 1.0 71 28 1.8 1.3
72 30 1.6 1.2
* Chines Widened near the 73 32 15 11
195,610 Ib - 75 41 1.3 0.8
32 20 1.6 1.2
33 24 2.5 1.9 225,000 Ib. -
34 28 19 1.8 77 20 2.3 1.1
35 30 1.8 1.6 78 24 2.9 2.2
37 32 1.7 1.4 79 28 1.7 2.0
38 34 1.7 1.2 80 30 24 1.7
81 32 1.9 1.4
195,610 Ib - 82 34 1.8 1.4
40 20 2.2 2.1
41 24 2.6 1.9 225,000 Ib. - 64
44 26 2.0 1.8 84 24 2.9 2.2
45 30 19 1.6 85 28 2.3 21
46 32 1.8 1.3 86 32 2.0 1.4

Table4. Wake Heights - 105 ft Catamaran
(at different displacements and
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Run Vs  Wake Height Run Vs
# (knots (at 80 # (knots
100 LT - Level 110LT- Level
1 0 0.0 19 0
2 10 - 20 20
3 15 2.8 21 25
4 20 3.1 22 27
5 25 -- 23 30
6 27 2.1 24 32
7 30 1.3 25 35
8 32 1.2 26 37
9 35 1.1 27 40
10 37 1.1

11 40 0.9 90 LT- Level
12 30 1.2 28 0
29 20
100 LT -2 deg 30 25
14 0 0.0 31 27
15 20 3.5 32 30
16 25 -- 37 32
17 30 1.1 34 35
18 35 0.8 35 37
36 40

Table 5. Wake Heights - 90 ft

(at different loads and
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Figure 12. Wake Height Vs. Speed
(71 ft Monohull at 73,990 Ib. - 39.8 ft )

RESULTS AND DISCUSSI ON

The wake heights and periods found in the field measurements agree wel with what was
predicted to occur in the less than optimum regimes observed during the physical model
tests. For this reason it would be expected that modification of operationd parameters such
as speed and trim to be morein line with the optimum vaues predicted by the physical mode
tests would lessen wakes created by a particular vessel. For vessas currently operating in
their mogt inefficient regimes, the potentia reduction in wake energy can be substantid.

The largest amount of wake energy created per unit time, by far, occurs during the transition
from displacement to planing mode. This was observed in the physcd modd tests and
suggested in the qudlitative fidd study. In many cases (especidly the newer hulls), faster
gpeeds will result in lower wave energy. Again, with the guidance provided by physica
modd tests of hulls, these optimum speeds must be known and adhered to by vess
operators whenever possible (safe) to minimize wake. As little time as possible should be
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gpent in the trangtion zone. Again, for vessds that are currently being operated for long
periods of time at the very high end of disolacement (very low end of planing) substantid
decreases in wake energy will be possible by this optimization. This decrease in wake
energy can come from ether running more dowly or, somewhat counter intuitively, going

faster.

The quditative fidd dudy dso srongly suggested that sharp turns in the trangtion phase
could have pronounced effects in focusing wave energy, especidly to theinsgde of turns. The
quditative evidence is strong enough on its own in this specific area to warant the
minimizetion of any sharp turns during the trangtion phase if any wake sengtive aress are

located on the ingde of the turn.

Wave shoding is teking place during at least some stages of the tide in the shalowest areas
of the flank shelves, some of which contain marinas. Deepening (dredging) these specific
aress has the potentia to reduce wave heights by 30% in some of the shalowest regions.
Deepening by itsalf will not completely mitigate any wake problem in this harbor, but should
be considered part of the total approach in so far asit will prevent exacerbating the Situation.
In cases where a marina is dready extremey shdlow, degpening can substantidly reduce
wave height (30%).

In places where reflective shorelines (vertica or near vertica walls) border water deeper
than 2 feet MLLW, mogt of the incoming wave energy is Smply reflected back into the
Harbor. Efforts should be taken wherever possble to limit reflective shordlines.  Again,
amply replacing reflective shordines with disspative shorelines will not completely mitigate
the wake problem, but will prevent exacerbating the Stuation and is an important part of any
total approach.
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RECOMMENDATIONS

The effect of waves in New York Harbor will not be mitigated by any one solution. A
cooperative and combined approach from ferry operators, marina operators, and regulators
will be necessary for al the users of the harbor to coexist and potentidly thrive.

For TheFerry Operators

Many of the most wake senditive areas may only be affected by 1 or 2 ferry routes. Careful
course selection on these routes to 1) minimize the trangtion time while adjacent to or
pointing at the wake sengtive area or 2) avoid turning with the wake sendtive area ingde the
turn, should make a noticesble difference in the senstive area.  In order to be effective,
careful monitoring of the actud tracks and water speeds will need to occur to ensure that
vesse operators are in fact complying with the guiddines developed for each route. In
general, a ferry should proceed from the dock to the center of the channe well
below trangtion (well within displacement mode), then make its turn to go along
channd, rapidly accelerate to optimum planing speed until adjacent to the next stop,
decelerateto a speed well within displacement mode, then turn into dock for landing.

VessH route assgnment should be made with wake characterigtics in mind:  use the most
inefficient hull forms in the mogt insengtive areas and the most efficient hull forms in the most
sengtive aress. |dedly, the most inefficient hull forms will be eventudly retired and replaced
with efficient hull forms. Alternatively, it may be possible as a Sopgap, to refit older vessds
with active trim control or sufficient horspower to ensure the mogt efficient planing angle
and/or speed.

Determine exactly what the most wake efficient points of operation are for each of the vessd
classes and then operate within this speed range with aslittle time as possible in the trangition
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phase. Again, monitoring of the entire fleet for compliance will be key, as will training of the
vesse operators asto what is needed for each hull form they will operate.

In waterways elsewhere in the world where wake wash problems were experienced,

arbitrary speed regtrictions were imposed for exigting craft. These restrictions not only affect
the profitability of the operator by increasing the journey time, but dso in many cases may
not actualy reduce the wake impact. This was observed in the field and can be seen from
many of the physcad mode measurements. Therefore, we do not recommend speed
restrictions without field or laboratory measurements showing considerable reduction in wake
wash energy.

For TheMarina Operators

Marina operators must be permitted to build wave protection systems that are substantia

enough to do the job. Any such system should be capable of protecting to a sufficient
degree the contents of the marina from waves over 20 inches in height with periods over
4.25 seconds.  Examples include continuous wave screens that reach to the bottom, and
wide wave barriers of the order of no less than Y2 the wave ength, both of which surround the
marina as completdly as possible. Reflective surfaces at the side banks should be avoided as
much as possible. At least one entire Sde of a box-shaped marina should be dissipative.

Openings to the harbor should be as small as possible and screened if possible.

Every effort should be made to keep the water depth deeper than 3 feet MLLW to minimize
shoding. .

For the Regulators

Remember that a harbor wide, multi-user solution will be necessary.
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Assst marinas to degpen by streamlining permitting and assisting with disposal solutions.

Ease permitting requirements for breskwaters and alow them to be based on effective

designs.

Encourage the building of wave disspative shordlines a every opportunity. This means for

any new harbor side construction and not just ferry terminas and or marinas.

For the General Public

Education will be necessary on the main safety issue there will be waves in a commercid

harbor. As dways no opportunity should be lost to make the points that larger vessals are
typicaly moving much faster than they appear, and smdler vessals are very difficult to see.
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APPENDIX

Qualitative Observational Study

To obtain a better understanding of the wake patterns of existing NYWW créft, it was
decided to perform initid quditative observaiond sudies from on-board the craft in their
norma operating conditions. Permission from the New York Waterway for the study was
obtained and trips were taken on their fleet over a period of two days. A GPS, Camera, log

book, and video camera were taken to record the obsarvations.

Name Description Route
Abraham Lincoln 95 ft Monohull Hoboken South to WFC
LaGuardia ** ft Catamaran WFC to Colgate
Brooklyn ** ft Catamaran Colgate to 38" St
New Jersey 95 ft Monohulll 38" S to Lincoln Harbor
New Jersey 95 ft Monohull Lincoln Harbor to 38" St
Thomas Jefferson 95 ft Monohull 38" St to Port Imperial
Thomas Jefferson 95 ft Monohulll Port Imperia to 38" St
Adventurer ** ft Monohulll 38" St to Hoboken North
Sea Otter 65 ft Monohull Colgate to Pier 11
Sea Otter 65 ft Monohull Pier 11 to Colgate

Figures 13(a) to 13(f) show the photographs of wakes behind some of these craft.
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Figure 13b. La Guardia— Planing
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Figure 13d. New Jersey — Trangtion
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Figure 13e. New Jersey — Flaning

Figure 13f. Adventurer - Planing
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> STEVENS
* ot lechnology Institut:

SYNOPSIS
An examination of wake and its properties as they apply to the New Jersey/ New Y ork

Harbor Complex was undertaken. The amount of wave energy present was quantified over
the course of several daysfor onetypica harbor location. Scaled laboratory experiments
were conducted on the actua hull forms used in the New Jersey/ New Y ork Harbor Complex
and results compared with field observations. The most promising areas for wake reduction
were narrowed and identified. In generd, wake is the resulting pressure disturbance crested
by abody moving through afluid. In the case of vessds on water, wake gppearsin the
familiar form of surface waves. The magnitude (height), wavelength (the distance between
smilar points on two waves in sequence e.g. crest to crest), and direction of propagation are
functions of both vessal and environmental properties. Vessdl properties germane to wake
generation include speed, heading, displacement (weight), loading (trim), and hull form.
Environmentd factors affecting wake propagation include speed and direction of wind and
currents, water depth, and geometry of the shore. A compressed set of the conclusions
contained in the full report isincluded.

RECOMMENDATIONS

The effect of waves in New York Harbor will not be mitigated by any one solution. A
cooperative and combined approach from ferry operators, marina operators, and regulators
will be necessary for al the users of the harbor to coexist and potentidly thrive,

For TheFerry Operators

Caeful course sdection on specific routes to manage 1) time in trandtion and 2)
direction of wake propagation, has the potentid to make noticesble improvements in the
sengtive area. Careful monitoring of the actua courses, speeds, and water conditions
will need to occur to ensure that vesse operators are in fact complying with the
guiddines developed for each route and the modifications have the intended effect.

Vessdl route assgnment should be made with wake characteridics in mind:  use the most
inefficient hull forms in the most insendtive aress and the mogt efficient hull forms in the
most sengitive aress.



Modernize the most inefficient portions of the fleet a every opportunity. As a stopgap
refit older vessds with active trim controls or sufficient horsepower to ensure the most
efficient planing angle and/or speed.

Determine exactly what the most wake efficient points of operation are for each of the
vessd classes and then operate within this speed range as much as possible.

For The Marina Operators
Marina operators must be permitted to build wave protection systems that are subgtantial
enough to protect to a sufficient degree the contents of the marina from waves over 20
inches in height with periods up yo and including 4.25 seconds.
Reflective surfaces at the side banks should be avoided as much as possible.
Openings to the harbor should be as small as possible and screened if possible,
Every effort should be made to keep the water depth deeper than 3 feet MLLW to
minimize shoding. .

For the Regulators
Remember that a harbor wide, multi-user solution will be necessary.
Asss marinas to degpen by streamlining permitting and assigting with disposa solutions.
Ease permitting requirements for breskwaters and dlow them to be based on effective
designs.
Encourage the building of wave disspative shordines a every opportunity. This means

for any new harbor side construction and not just ferry terminals and or marines.

For the General Public
Educeation will be necesssty on the man sdfety issue there will be waves in a
commercid harbor. As dways no opportunity should be lost to make the points that
larger vesds are typicaly moving much fagter than they appear, and smdler vessds are
very difficult to see.



